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I. INTRODUCTION
The time-varying characteristics of both covariance risks and the prices of risk are clearly crucial for asset pricing. However, in many related earlier studies, including Harvey [1] , Campbell [2] , Hansson and Hördahl [3] , and Guo [4] , time-varying risk prices were not analyzed specifically. Thus, the dynamics of the risk prices and the degree of pricing of the risks from a time-series viewpoint appears to be unclear in existing literature.
From this specific viewpoint and motivation, the primary objective of this analysis is to reveal the dynamics of the timevarying prices of risk in the traditional asset-pricing model. Our interest lies particularly in clarifying the monthly statistical significance of the time-varying risk prices. To avoid blurring this motivation for our research, we focus solely on the conditional version of the Sharpe [5] -Lintner [6] -Mossin capital asset pricing model (CAPM) in this paper.
To conduct our investigation to achieve the above goal, we construct 25 portfolios ranked by book equity relative to market equity (BE/ME) and 25 portfolios ranked by size, following Fama and French [7] . We then use a multivariate generalized autoregressive conditional heteroscedasticity (GARCH) model to derive the time-varying covariance risks. By exploiting the covariances and performing cross-sectional regressions month-by-month in Japan, we inspect the monthly position of the time-varying risk prices. From a methodological point of view, research into asset pricing using multivariate GARCH models seems limited. 1 *Address correspondence to this author at the Graduate School of Systems and Information Engineering, University of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki 305-8573, Japan; E-mail: mail_sec_low@minos.ocn.ne.jp 1 Bollerslev, Engle, and Wooldridge [8] performed one of the first multivariate analyses in a test of the CAPM. Other studies that have analyzed asset-pricing models using the multivariate GARCH model include Engle and Kroner [9] , Koutmos and Booth [10] , Braun, Nelson, and Suiner [11] , Kroner and Ng [12] , and Leon, Nave, and Rubio [13] . In the above studies, risk prices were not their main focus.
Therefore, clarifying the monthly statistical significance of time-varying risk prices in Japan using the multivariate GARCH model is the main contribution of this paper.
The remainder of this paper is organized as follows. Section II presents the model and the methodology. Section III describes the data employed, Section IV supplies the empirical results, and Section V provides their interpretation. Finally, Section VI presents our conclusions.
II. MODEL AND METHODOLOGY
As mentioned, we focus on the conditional CAPM. The model for period t is an equilibrium relation for the conditional expected return of an asset in excess of the risk-free rate when agents use the information available at the end of period t 1:
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where r i,t and r m,t are the one-period returns on an asset i and the market portfolio, respectively, r f,t is the one-period riskfree rate, and t 1 is the information available to the markets at time t 1.
In the preceding studies, such as Hansson and Hördahl [3] , among others, the price of risk is stable over time. However, in this paper, we do not assume that the price of risk is constant but rather assume that it is time varying:
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Thus, we have the following conditional version of the CAPM for a single asset i: The BEKK version of the multivariate GARCH model was introduced by Engle and Kroner [9] . This BEKK model ensures that the H matrix is always positive definite, and is specified by H t = W + B H t 1 B + A t 1 t 1 A . In the case of two assets, W, A, and B are 2 2 matrices of parameters, and W is assumed to be symmetric and positive definite. We estimate the parameters of the BEKK model by the maximum-likelihood method.
III. DATA AND PORTFOLIO CONSTRUCTIONS
Our data sample period is from October 1981 to July 2004. The individual data series are outlined below. The notations of the data are the risk-free percentage rate, R f,t , the market portfolio percentage return, R m,t , and the returns of 25 portfolios constructed using stocks listed on the First Section of the Tokyo Stock Exchange (TSE), r i,t .
First, R f is the Gensaki rate from the Japan Securities Dealers Association from October 1981 to May 1984 and the one-month median rate on negotiable-time certificates of deposit (CD) from the Bank of Japan from June 1984 to July 2004 3 . The market return R m is the value-weighted return of all stocks in the TSE First Section, which is provided by the Japan Securities Research Institute (JSRI).
In regards to the 25 portfolio returns, we constructed 25 size-ranked portfolio returns and 25 BE/ME-ranked portfolio returns, following the manner of Fama and French [7] . Individual stock return data used for constructing these portfolios are all TSE First Section-listed stocks' returns from the JSRI. To construct the size-ranked portfolios, all TSE First Section stocks are first allocated to one of 25 groups based on their ME (stock price shares outstanding) at the end of September of each year t for the period from 1981 to 2003. Then, value-weighted monthly returns on the portfolios are calculated from the following October to the next September. When constructing the BE/ME portfolios, the BE/ME ratio that is used to form the portfolios in September of year t is the book common equity for the fiscal year t 1, divided by the market equity at the end of March in calendar year t. 4 We 2 As an excellent survey by Bauwens, Laurent, and Rombouts [14] argued, the multivariate GARCH model is crucially important in the context of asset pricing as the model is useful for calculating the time-varying covariances or factor loadings. 3 Before June 1984, one-month CD rates are not available. Thus, following Hamao [15] , we specified the Gensaki rate as the risk-free rate before June 1984. 4 We rebalanced the portfolios every September following the suggestion of Fama and French [7] : "We calculate returns beginning in July of year t to be sure that book equity for year t 1 is known" (Fama and French [7, p. 9] ). In Japan, the end of the fiscal year when most companies close is not at the end of December as in the United States, but at the end of March; that is, the end of the fiscal year in Japan is three months after that in the United States. Thus, we calculate returns, not from July but from October of year t to Sepdo not use negative BE firms when forming the BE/ME portfolios. The value-weighted monthly returns on the BE/ME portfolios are then calculated from October to the following September, as were the size-ranked portfolios. Further, only firms with ordinary common equity are included in our analysis. This means that real estate investment trusts (REITs) and beneficial interest units are excluded.
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IV. EMPIRICAL RESULTS
This section provides our empirical results and their interpretation. First, applying equation (4) cross-sectionally month by month, we obtain the monthly time-varying prices of risk from the conditional CAPM on the size-ranked and BE/ME-ranked portfolios. Because each regression comprises a cross-section, heteroscedasticity-consistent covariance matrix of White [16] is used to calculate the p-values. Table 1 displays the monthly time-varying prices of risk from the conditional CAPM for the portfolios formed on the basis of size for the period from January 1982 to December 2003. From Table 1 , we understand that, in general, the monthly time-varying prices of risk from the conditional CAPM are statistically significant, and that 135 of the 264 cases involve significant risk prices with theoretically consistent positive signs. Table 2 also displays the monthly time-varying prices of risk from the conditional CAPM for the portfolios formed on the basis of BE/ME for the same sample period as in Table 1 . The trends found are very similar to those of the size-ranked portfolios. In general, the monthly time-varying prices of risk from the conditional CAPM are also statistically significant for the BE/ME-ranked portfolios, and 123 of the 264 cases involve significant risk prices with positive signs.
Finally, to further evaluate the conditional CAPM for a longer time span, we present the results of the balanced panel data analysis in Table 3 . This table displays the results for the whole sample period from October 1981 to July 2004 and for four sub-sample periods. Table 3 suggests that the risk prices from the conditional CAPM are statistically significant for all testing periods and for both size-and BE/MEranked portfolios, with the exception of the BE/ME portfolios over the period from January 1987 to December 1992. Hence, the conditional CAPM is supported by actual stock market data in Japan, in contrast to the results of Chen, Roll, and Ross [17] , Ng [18] , Gonzáles-Rivera [19] , or Hall, Miles, and Taylor [20] , where the traditional CAPM was not supported.
V. INTERPRETATION
This section supplies interpretation for the prices of risk presented in Table 3 . We here explicitly discuss the pronounced fall of the risk prices after 1986 and their subsequent sharp rise after 1997. Below, we interpret the results by relating these movements of risk prices to, first, the heyday of the, so called, 'bubble economy' in the late 1980s in tember of year t+1, after rebalancing portfolios in every September of year t, to be sure that the book equity for the most recent fiscal year is known in the Japanese market. 5 The BE/ME-ranked portfolios were formed according to the manner of Fama and French [7] as the size-ranked portfolios.
Japan and, second, the onset of the Asian financial crisis in 1997.
In our conditional version of the CAPM (4), as Cochrane [21, p. 167] suggested, the time-varying price of risk, t can be interpreted as the time-varying risk aversion of the market participants. From this economic viewpoint, in the Japanese 'bubble economy' in the late 1980s, the decrease of the risk price t in our sub-period from January 1987 to December 1992 in Table 3 can be interpreted as showing that the degree of risk aversion of investors was low in that period because of the relatively good market condition in the period in Japan. [7] ; that is, at the end of September of each year t , TSE First Section stocks are allocated to one of 25 groups based on their September market equity (ME, stock price shares outstanding). Value-weighted monthly returns on the portfolios are then calculated from October to the following September. Only firms with ordinary common equity are included. REITs (real estate investment trusts) and units of beneficial interest are excluded. The p-values are calculated using the heteroskedasticity consistent covariance matrix of White [16] . The symbols, ** and *, denote statistical significance at the 1% and 5% levels, respectively.
On the other hand, since the Asian financial crisis in 1997, it has been very natural to conclude that the degree of risk aversion of investors increased due to their negative sentiments and the condition of the Japanese financial markets. As a result, we consider that, due to the above macroeconomic context of the financial crisis, from the sub-period of January 1998 to July 2004 in Table 3 , values of the parameter t again increased in Japan.
As above, changes of the risk prices in Table 3 can be interpreted by using the economic notion of time-varying risk aversion, as Cochrane [21] suggested, and which follows the framework of the intertemporal CAPM, suggested by Merton [22] .
VI. CONCLUSIONS
This paper has originally and minutely investigated the degree of pricing of the month-by-month time-varying risks on the Japanese stock market using a multivariate GARCH model. We demonstrated that conditional covariance risks in the CAPM, derived by a multivariate GARCH model, are generally positively priced in Japan. Rather than the timevarying covariance risks analyzed in many other studies, the clarification of the situation in regard to the time-varying risk prices was our focus and primary contribution in this paper. In many studies in the preceding literature, the degree of the pricing of covariance risks on a monthly basis is not clear. In addition, using our method to derive the time series of risk prices is expected to clarify the unrevealed economic characteristics of these time series. This is one of our important future tasks.
Furthermore, as pointed out earlier, studies using multivariate GARCH models in the field of asset pricing are limited. Hence, international research using this model in the field of asset pricing like ours would be valuable to the financial economics literature. Notes: Monthly time-varying prices of risk on 25 portfolios formed on the basis of size and BE/ME ratios are evaluated, for the period from October 1981 to July 2004, using panel data. The evaluation is performed for the whole sample period and for four sub-sample periods. The risk prices of the conditional CAPM are calculated using the conditional timevarying covariances derived from the multivariate GARCH model. The size and BE/ME ratio portfolios are formed according to Fama and French [7] by using the TSE First Section stocks. That is, in constructing the size portfolios, at the end of September of each year t , TSE First Section stocks are allocated to one of 25 groups based on their September market equity. Value-weighted monthly returns on the size portfolios are then calculated from October to the following September. When constructing the BE/ME portfolios, the BE/ME ratio used to form portfolios in September of year t is the book common equity for the fiscal year t-1, divided by market equity at the end of March in calendar year t. We do not use negative BE firms when forming the BE/ME portfolios. The value-weighted monthly returns on the BE/ME portfolios are then calculated from October to the following September. Only firms with ordinary common equity are included. This means that REITs (real estate investment trusts) and units of beneficial interest are excluded. The symbols ** attached to the coefficients denotes the statistical significance at the 1% level.
